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4t eviao tht beasi t.f x matboar.Uol system for Loomurlstians

CistinatioE' of aarb-.n sonoxio4 1ý hum beings.

0karM the pa.t tow ý'cad** various types of sxpeý*tmnet hivo
boon puablished b7 4iftereini 1W-AOOlS Of Investigators dealng especially
with the accumulationof atarbcw. -,ouide MWd It* oribhinatick! with hemo-
globin in adult human betns". As various paraemters eblok Influenee
carbon mmonoido acocýmelationq a. well ". Ito elimination, save *at beon
ocepletelj understood or adequatel~y described. Wis &my~ perhas have
occurred becauase at particulear Interest in. am, or at the wat two, out
of several paremetoer. Vbon, horwevr, & fairly complete set of pa~rs,
motors are derived, it beorreee poeeiblo to levelop a mathematloal system
Of GOeiinalations$elimination Which can be tested with data publish"d ty
several laborsatol.es. The eyeteis oem be solved by a paete.. acqisinted.
with aleobraio methods, and one Is able to pretint the level. of oarboxy-
'zomoglobin as a fu.motion of time froe the inittIM level of okrasyboq'eo-
g!obina, the concentration of Inspired carbon smondoie and osWge., axpIr-
atory flow rate, total bod~y hemoglobin, aw.- total preemue* of' Coo breathed.
?be"e findings oumgeet thut future physiological iaveetigatiene, using
carbon monb~ioi as a traoar, should Inol~de the maesuroenet of further
pazeintoer them often incluied to date. Rzmpqlee awe give. of the method
if calculation, mad tizle is %mod to Illustrate the iqiortasc of each para-
motor. Although soaroely @A~y date are available it elimination of oexion
macoxide, it Is further *boon Luo the sys tem smy predict th. rate of
elimination, especially who,. using the newest method of treating carbon
monoxAei poisoning by mowns of ]Lrtificial ventilation with ;~Rwe oxygm at
a total amble.t pressure of two %tmoephores.
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"malm '~ WN7r 2ýN"

A. the tI~iastrial rmow~t1%iat-, ev-~ wo* *o~d, r* *&rtw.r

emmewss them torearl: bw.ins PSiOLAO" Wik-.j a* Ih ncomplte o

bwtion of CArbom OaqI(A.M.4. &A*"O, is Wuld well be tive ttst the

Awo of ageoe to ftlm ininealto poiamasse hiwu. beq taremnSL

ener simon fAe Siv of the firat tlreakr. vim tme 4YCUS o0' godaft

~eok1le is oom me pointe" aA IV MwaAo boraai that Oeijeil gn'21t0

hiew a greater .. tIatj ass oqpaM for heselobin. Its eoftquet

tudelj, be"W Mweb like that of SMaal roftale, SSUWUOi the Stutitn

9f Obplologisto lasie*eeted to L a, enu other thnw, Ushe asrnar of coal

mi~s an*ther tIndutrial and antisewing oey Useisie (I). Autmtiveu

vebtielse v" ina resent wars prod.. oaiber moui4s, adin the &be*&"

of adequato veatllatlms this fas ea" a0GeMMIate In the w~l MAY

"Otee penISILLAS $o nI lit,, aPostsaO owt exam emnomae me published

in 1945 - 1946 (2). JovI recemtl, abouat ono-thirvt of 186 victims of

fetal. area&"e In the U7. 5. Air Force had tsem an4 blood saturetion

levoel inoexess of 30 por aeni oar'wo bmnogobix oven in the absence

of fl.-e ma more espgeca&tl.7 weke f1714 at eltitudees Wohre a coop-

ciievsbl proportion of cabin a!r wouldi hoe beow breathed (3). I~win

1954 - 1956 carbon monoxide poiewiiag awooinaad for 310 adatesiaua for

mw..Eal treatment In the U. S. Army. Thor* we&-* 97 doeath#edue t3 oeabon

monoide. Thoe. figure &-o lover then actutal becomse, If exposure had

oucurrod in novi n vehicle. the oases would have been repc'aot &a. some

type of moter vehicles sooideit (29). The indicoated itet~ of a kmelnia

.*Vert cam be ci ted as showing interoot in carbon soaneido poisosin in

outer space travel (30).



Vbet ae'o~e •" eerbagyb..4. are Am4oor. " Ives na eozr'r

hobo treeme it earheo'• ct, La. !A those wh mm** mAsh tob~oo. t

eueWeQ I1.lbla often ringo. free e to a Peer S of tair tetal me-

ClibAa. ear this aet rtoe to 11 per o, t La perm* A*s eesa heavily for

teo-twt~to aor more at a W. rierf Uerealkim of Mir r 4 e In arbou

aea d ma them eatumliag for -Ap to e@U bemas as a more Allots mstae

will miataina a level of 14 por •esl earbeqheglh&! in a reomsbeat

Gmb)oel at a e:Sumated altitude Of 0,300 fe*'- A4 bAWh7 SaMlkr (Mt).

v6o w a sSNllf1l oseervor, tlartod We1. toet with a level of 6.8 per

ost ssrbaqhebee"obir "•ob &ama re" to 1 per seat. so repoet~d -

aupMte dur"ag the first heart, "mlt taeftter appearmd heedaehe which

boom progrs 0el7 worte ivre, Imremat l #A &lamt eometet nmmeS

emntal essfaclon, restlesmsese, pallor, geld tremitlee mA a *tat* of

mii eaoeek. %see symptoms lncroeaed in severity a. Ule &Assed". The

oboa 7whhmo1obIa leml me alwamy slose to 15 per smt, end the oembimed

.zhmoglobln and oarhhemoglobin level me 83 pr oseat, ILIM leavIng

17 ;pr *ant sa redumed beaftlobhn an the Watesto arterial side. Aother

*nb3oet (0), wuile at 10,000 feet mad at & &evel of '15 rer oeat aahsq-

hemolbin ofered froam "teed1.7 inoreasing headabe and reowrremt s2am

during the final bamn of expo.'-ro, vee though ina this oo the oMneaW

art'rial oaV eand oarba acooiloe maturatilo was 9? per Omt. At se

level with nearljc•r omplete arterial *ats•lies with wgma ml oarbon

monazide, J. S. Ealdsime ocamidred that a brief exposure akhevliag 30 per

oeat oarboztemac1@obin me dangerous to bhimelf, espeas117 If engaged in

ezeroise (1). Soe valuable oboervatime Uwre rolpMted "v Smaih en

Sharp while using their improve& methbod f treating cirbom ma.oszde

poieesnmi (M). Sero, t•e oarbon monoxide to imoved with great rlpidLty
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%WOMS %ka atta"iM A11ant to br~s*L* pw* cgjm.a Wk.*uZb mas s t

aS ft4 ag&rnt Wrereea of We atsespegyqo. On awivaj. oas of' thair

patigmlA, (A 19 yoi *I& woa, -wa be atkW aA epntemeowily1&4 all ro'-

f1em *we prset, ut eke coal4 bs -*be" rnlv WiithI £ffIeltj A INW,

S4,... man la a do" sees, hebwCro, witb IAI will&, dW4e P*~1a

Ma ea'sicltj of %ae No limbs. Spowtmeome respiration Mse abseemt

adLO P909 maid& be leteOted ... (Us) ewai norma~lly have bown else"-

tied as mautumP. The earbsQodlobn was 26 per erst ia the

ad50 Par Cent la th oe sa ow after the time of arrival.l In denerl

I t appear* tOat oorlsq'eeClobia levels of 1'j per mat sheakd be avoided,

emposiall1 It maintaine for a pr~oloned period of time during ubighor-

plit. wsmial 4aertaese In required.

Advan tage ban been tami of *A te pj'ilodi sal Propertiesa of GSbom

..meajde. ?reeer qmti ties pare wood to tUe first onoeeemtl 98eeMsi-

memte of blood volme in 1i1in hum heinge, adwith Ijfstrft~ounique

refinmets e t methoi oustinmee te be used (6). ?he alveelaw Preasei

of ~gs wae estimated e prouimatel~y from the fietributlem of earbea

wr wetve.Wo. inspired air asid arterial bleed (1). ts resent yew@o

-- q Oyibi'uone have beoore intereeted it Smeern difttslem betwein the

lunge an the blood (7). Pros bamli klmetic data, todether with raese of

acommlatlm, Roughton In 1945 dedwaed that at reset the duretim of w~oaae

Vf capillary blood to alveolar air mse three-qvarsere of a seees" involving

60 &1 of 'blood (8).1

Al them maah intormati~ habd been dathered during a erntu7 of

utmd7, th e seeotion V.MS nearly &Iowa wads that earbas onozide mse

neither produoed nor destroyed in the living booy. In 1949, Ustrig the



10K*-I1wei C140, it was he %b&S #1CO CouIE GAI&AS this to C10,(ý'.

to tho O ymu" it ~u reported atthe% & catabolimsm hammleb~ pro-

Aems ear'in mmwfisid (1o). *04n P'Mze. alp.e oAM ~ 4*1 leaf Peadors,

ub vatted, m* ~o arb momsmite, Ina t presence of amali md wa

01) On pposils -mpl- m4 fte.r rat" qapprmil Wo sot bow

o~otdgrat is *o ftr me these - ianamm.. lvmle s1 bloo art mhmqm-

Sloam. to ftat follow it is. "004e4 t" gide* soe cef "ountoat

footift a otm whisk deeuihe. beoo fte amemsmaticatm oliftmabtim of

.arban mmxezd.. Crtain preictionis can be mae, ad those co be obefkt"

with tUe revalto obtaissdinl~ pr-wicus sodim of aMalt ký Wisp.

Steady State Nquilibria of CM l z pas bet"g ~emesd to air

*ostalsisga freatiemai einentrationat ca rbon maift~ (P1,00), the

"qmatity' of W0 inspiro ed in M"t (v191,00 ) equalsasth total or t"a.

to~s isexire (Yjftoo), ftat wkisk maters the 1ed, (%*) ft& that

uhisk builds up as a certain roet to a definite camsentwatios ia the fame-

tiobal residual capacity of fth Image (TPI'Aco)*

irr. 0 0 '0 -4A 0 .. . . .l sJ

Yb. lee9 toea In each expression should he of pseticlar Intorget two "mee

who mae transienit malywe of single breathe (7). It I& entirely Poemibi.,

oopeeially with dilute 00, under steady' state comitiism, that the last

teo= could be n~gleotod so far as occoomn. theoewlatlem md oltnimatca

of 00. fte lost teom in %he oqmsaoremIom io ma~gItg 'y sall in meat

caoe. Commseqmetly, them last torm will he dropped at thi Voiat,

altbog further menttiorn is made of than to the dismaesn. Nuzt, consider



ir'. 0At .1ol 4tj.%c P.Cr¶ , 5 a z .' p

?thi ale. billsa true, t~z oxyge, and *ban Introduosd Into the short

forM of the first %wo *zpr.eeeoem, the gas rate* sate-I4 the booy

Teo ('I- 71))?,00 - TO,0 .(i) ......

i * i t)? L - iAPA,02 . . . . . .. *..(2)..

r" rate. of entry Of It0 WA 02 Into the body oan a lso be visemA so-

oording to the followingj geeral equations,

'Co - Dco(PI,co - Psco) . . . . . . . . . . f. Cl mu- .7

'02 - 002 (?AD02 - uir, 0 2 ) . . . . . . . . . .4rulMW1]

Lin vhich the flux, either p~elttive or negative, io dependet so the

pal.2Aary diffusing oe&paitte. (Do fAM D0 2 ) and the 4ittermo. in

preesoro of the Caw In the alveoli (P'00c and JP4",) mA of that in

ptlmomary capillary blood (P10 nd PS,02). :. S. bildama wrote that

the pre~ueeizo of CO and 02 are iuiterwlateds N,00 (z/qW)t'uj aboee

z is the fractional saturation of hemoglobin in arterial blood due to 00,

y is that &tue to 0-2, and a is a partition ocogffiolent hero asespted to

be ooatetnt ar-1 equal to 210 (12). TMe Baiden rolaticaehip asd the two

equations Immdiatelyr above are solved together resultinag in the

Too D0 0 ff~ - Warq) ('&2 - Vo,/4fteo)J . . . . . . . . . (3)
whOe the const~ant, d 'a Do2cc- ., 1.23t aeooomte fr tas diftermee

in ditffuibility of 02 and 00 ac the basis of molecular eate (7). Vae

600 proessures are tbeot written as tbe produat of the total ambient

proessaz and the frootional. concentration of the part u&lar gas, and the



the vYalue of € ...- Ibi ( ca n 1-a t ttod. Sawver, several up-

promatlorim &re neco.sar) in or•ler for x to be ataed, in tWas of .&ra-

meters which henoeforth will be oonsciore u so f•r•aamst&. The firai

a tlom that y a I - x, whta implies that -yvtealo arterial blood is

fully saturated with CO and Oý, resula in tho s•eoe•.on

* . . . ..... .......
•,• "(t, -••x• • " A%,

TA - VD, only alilot error is Introduoo.d b7 writing iA - Vi - iD, and

during steady state equilibrium of the single CO fluz iqstes V 0 " 0,

implying that PA,CO - ij,CO, whenoe the &bowe ex•sp1ion cam be written

,o .'It(,Oo

Conosraing equatln 2, the data of otbra (03,14) wbhn plotted a" iz

Pigure I shown that a ia ýt - Al.0498 (highly correlate, r . 0.962),

whiob implies that V02 Is dir3:tlj proportional to iA at i02 rates of

lees than ?,500 I miL". ThAM results•sho othat A, 0 2 . P, 0 2 -,

both wle at rest an ding l our "las rb ;0,2e rates are loes than 2,500

ml Win-

Pros the above, It AQv beomees possible to write

owle CL la'I, ro and 0 a (Fz,o2~ a) d-' a Fur?~ther, from data

on tho saoo AWu t sons and wM -n as sahwn Ins PiCUV 2, ?. 0. 835 I
t,120 (very ?h.lly correlated, r - 0.996).

6



U& *quatioe fur "l, implicitly require. that of the CO wh~ico

anvers and lsave* the body,,practioally all of it oombinen with hemoglobin

mA that none Is oxid&4ed, hydrated, or otherwise arokon down, or even

produced, or else that uu-h opposing raten are eqtal. larly trsts vith

radioactive tracers employed 0110 prepared l a oyclotror from B20k.

3bousue of the 21 minute half life of thsis Isotope, the tests lasted for

only one hour, and les. than one-tenth per oent of the C I0 uhloh dlSa-

peered from the blood mw expired as 0C110 (i(). A contrery oonlusion

waa later arrived at (9) 17 exposing aloe ii' oantrolled teats in a 12.5

liter chamber initially ocntanLing aloes to 10 ml of 00 gam totaotier wiUt

tracee of the lonp-l3ived C 140. Depending on the numaber oa ale, from

o-balf to LWo-thirad of the 00 disanpeared in the omueoe of four d4ay.

The rate at o,•mrlon of C140 to 0%402 me reported to be 0.29 (1i-3)

al a• £-1 of body weight. In teets of eovery of total 00 following

thre hour* of equilibration of fresh whole blood of rats, dogs end kim

beings (12?), the rate of dlsapp@em•oe ws 1.8 (10"3) -l 1Nie CI of

total OMb. If in the aloe tests the total emoglobin me 0.01 or the

body might and this wee one-third saturated with CO, the rate of eo-

Version of 0- io c% woul• ave bee 1.6 (10-3) al min-' - of

total &Rb.

S~strmad meaured the smll qouatity of CO wkiob me expired by

adult hua beings who breathed 00 free air (01). Be ocooluded, as lam-

berg indioated cn biockoemal pounds, that the daily breakdow of

mbwglobia produoee 00. At a mel ratio of 411 1ith 1/120 of the total (Mib)

hemoglobin produing 00 daily, the could faLnish 0.007^ (10-3) al

win-' 47 1 of hemoglobin. This rate, N't reoetly verified ("7), sl*rktly

appo es the asidation rate lisoumeed above. Tas, iVc, 0cn -



,(r r (r. - . . . ..... /-,a uin-' "77

where - tUa proportion :T CCMb r 2 1.8 (10"3), and o 9 (O.OO"3M 10-.

At equilibrium "or steedy ststs owxditions of the postulated triple

fluz "en.te PA,CO - ?I,Co - ifb0,0 iA . Consequ matly, the equi-

librium stateme•t for the tripl, fluz begins me

• ,,3 - * -¶

whioh takes the form of a quadr~to autioo 2_

r) A.Yo.r) +"o,6 " 2 Irr -

iere OL and 0 ame defined4 under equation 4 MAd a.(?1 S* _TAZ

A definition of DO is reqAlred in o*ar :-o compOte both the

-,A4-o :lux, xo,1, and the •"p' o flux#, z0,31 e*uatlo. It iult be

desirable to write tkWe aooording to parmet alresAy e.played, smuh

as rate of alveolar gas flaw and "otal o1ag1iobla. Pigw 39 showe a

pl, t ef average vaIaee If i,0 4W4 iA at reet md at -also for Lnliv-

dual m•n and woan studiz5A tq otior inveetigatora (14, IT). In all

a&.aee, DOO inO"ease withk iA- 01 tbe Averae AM iAereQMe IW 0-1 al
a aI m"e of we Wm ini Inreamee M % 1,000 mal mia". Prom tM value

o' the slope, the mom intercept on the ordinate oe be foumd for eo"h

porera, tin8 indicating the value of O Whoe TA 0 0. *e value. of

the intercepts are hbig for large nmI, low for amil so, nd mm lower

fe" women of larger body surf ace area tkan oes of As small m.

SJeitr*O' f-_-%d frr s~h sqaroe mrotor of surface area st am bad 42"

of total hemoglobln shorea vwoma had only 321 q of total bhemglobia

(6;. figure 3b ehove that, on the average, the letereepte an the

SI I I I I I I I I I I I I I I8



ordinate of Pigu-.e 3a inaroaa* In proportion with the quantity of ZH

s predicted from bodoy surface area of msn and wom. 7141 Lugstl 08.

mprlral grounds that in tedult hýsan beings

DC I 0-:43 7.Bb - 11.5 + 0.915 (1(r3.)
-1

Cmi theoret.aa" jrcmnde, Rouebton and Forster (',8) wrote that DCO

ý-1 + 'tVwc)-i from which of nooetsit7 It follows that DX )D and

that V -0 6-r (1 - r)- o wbere r .aB - -1. The man value of, 1

for six es breathing room air 3an be oomputed from their data to be

olo.4 to '.41. On the average, r 1' C.45. Ihua c;r prediotion of DW

is Introduced, VC N 0o.OZRb 0 o.002341#A - 29..4. bea 2.fb me not

measured c reported by t , V 246,.7 A v .00234 VA - 29.4 where A to

sle body urfaoe area In square miters. ?rom this, if iA 2'5,000, for

their six subjects Vc - 69 al as oepLard with 59 al by a steedy state

method in whi.h they sctually determined aCO nad 0. Cf furth•r interest,

our pree'atlon of DM allows Te to increa"e with the types of ezeraois

which ose iA to increase (8). An idea of the precision is skom in

Pieare 4 which 09oepSree predited values with those reported from three

laboratories (18, 19, 20) in adlition to the two lbcoratorles (14# 17)

fram swhoe d--.a the prediction equation wa- built. Zere, the standaid

deviatioan of the difference .s at - 5.0. If that of amtual meesure-

Umots Is ca 2F 3.0, It follows that for prediction the (TjVJ .

5.8 which, thouh leoe precise than an aOtual smasurent, Is suitable

for the present purpo•ss. Among the pisremeterm which influenoe DW, at

leee two of thes of aosesirable importsmoe we total body hemoglobin

"s well "s rate of ventilation of the lurig durn•g the change from reet

to eoie.

9



?b a"certain the v'a III i ty o fze' or e,3recall that the 1946

PUWIsAol studios of the U. 5 Navy (4) were performed by fi.rst bratb.~rg

0.7 to 2.0 per ocent CO in air for about three minutes, until It mee

guessed thM CC~b levels were such as to be similar to those which even-

tually would have b-oon achieved wbile breathing a mo.e dilute eaitur" of

00 in air. Ch~oe baviag thus reaesed. a particular level of 0dib, this was

stesdiI maintained by breathing the 41 wte w for periods of four to

*even bouws, d~aring which arterial and roams levels -of OMK vere equal,

fairly steadilyr maintained, and thus "ar be tered so, ameasred". Table

I lists basic data and the computed values *f 0 , and Trot subh of

the total six toots an the thr-ee amc. ?)te filled tireles in Piwer 5

ocopar the zooI values predicted froms d~sad 9 with the zoo "nesured"

values. The arosses in Figure 5 do the sam for Zo vle from which

It beooese obviouse, if the triple flux system operates in humani beings,

that the or.posing rat"s hae similar values, I.e. ri, 3 49 a such that

- ). In SUyPot ',f thide, tru*ioffer'e expertmento (16),

that portimn dealing with raes end th. ozidatiea at 014, a be sited

se 'Sing that r~ 0.03 (Irl) instead of 1.6 (10-3)o At this stage,

291seem perftectly satisfateory for the prediction of oquillbrim

level, of OMK uner setady' state cowdtions. Altheno greait"Sam h

possibility that 00 Is produced end aleso destroy"d by the living body,

it booomaie wuecessafily complicoated whom the intiumee of amo& prooseeses

are oornieitsed, as wae daoe In the derivatfon of I&* squatiem few 20,3 .

Agoumalat' SM ot garbon poingaide. 1i.*. z(t) a 2MD m a fuinctioin

of time In the early 1940's suitable method& wer devised for wisswing

low levels if am (19). e were emplared La teete erfersed om

adult kumma males, wb o setly were physisally yualiled fer ailitary

service. isosase of the tmSgere involved, x me yer allomed to tises

10



such beyon'! a level of ooe-thr'. of thte total avatlable hemoglobin. In

enow laboratories only a single bl~od sample .'.a withdrawn, usually from

a vein, and this r~o dons at a definite tim. from 3 to 300 ainutes after

starting to breath* a known dilution of CO in either air or Opure* 02.

leahilagn that smokers begon with a moderately hick level ef CMb, one

laboratory withdrew Swo blood samples, one, at the start aaM the other at

the and o'f the toot (21). Usually, the preesure me that at "ea level.

A fow teet@ wer made at the low preesuree obtalcalq In ohambere for the

416slation of altitude. Th. suabjects were mated, roa~.ubent, mad WOWe-

times nmagsgd in the sonrtion of "hard ,erk. Thq were a sma, tightly

oovaring the nane and mouth, into uhioh *s dellivese the desired gas

mixture at a rate stated as expiratory ftwe. Ome labowatwrj reported

the amaared blood volume of ocah subject (19). iother Semceed at the

blood velumeam the basis of an older eothod of prediction based on bsid,

surf &" awea (21). The hemstocri t was weoe reported, and oasly in one

set of toete wer the 02 sod 00 capaci ty of a milliliter of blood

actually measured and reported (4).

Is other words, name, of tUe tests obtairwd and rpoprted masur-

sants of all Pf the neocessary parameters. Pfobahl~y, those whiih in all

oases we"e reliably reported are as rollowes P1,000 PI0 2 0 INi P a"

z. In one ese" zo me reliable (21)1 for the other easse (19) we bowse

4"0004 at 1 c according to the 0000271 Of onc of' the subject. (70) as to

wbeth.ý. the others were sonkere of tobacoo. In ass iobt of tests (9

the reperted blood volumea s perfectly suited for fi~nig 5dbt ebcpt

that the 00 capacity ze not listed, si we have assumi that ecas sub--

)*0MAa c~apaityof 0.2 al of COper *I f looed Pok the otherset

of test. (21) we have used Sjestrendes value of 4P5~ S. of bem~eglea fer



eaah a~vae me ter of eale, body marfaoe (6). ?uzther, o~rtaina parsaiter s

re never measuared, and we Lave had to appl; tas Int~errelation ofat T a d

i02 with 13;j verl rooaetly, similar nioiemlatloamahi,. y-.- pyablishod

4.1lig~g with ths castrol of reepiratlon and circulation (22). lovever,

Vha reader ehaiad realise that this ser apply In root -an exeroime but

oe~saialy net during Iiyperpiea. In the LAWt tas"m the present study of

a system to deftllent for the aoommalatima and elimisation of 00. Tb.

sole, reminisng parameter is DOD~ which we derived %%wve In order to oem-

plate euireadlin for ;,, 1 and 29, 3 . As a comsequmeen of the my is

thio DOO was carrelaked with YA end iib. It follows that the prod±Iution.

of DOO tbougb wmutable for *Ault hum baine, oartalAly ehwwld not be

applied te infects, wal ehildran, and =expewimetallomic whieb have

Z~b at 200 C. or Is*@ SW o with low values of ii. Ia order to write

a moe thoczomt predietins, there Is asee for fawthuv e~spriaomte em the

aetuial values of DOD* tC~b, and iA-

It 'a oeay to aske, thes above, oritleal romsaft after Lavin# perused ___

w - -W -W

the findings of ocepetent inveetiptore who, while explering the asomm-

lotion of Cog mats!ely plaeed more eqha.114 sm oms pearmmtere MAn

minded Ptb"v of Is" ourrest Intereet. Ts resegailfe a of thi, Is -As

tehulatic-i af the reasults of 51 tests tree the litesareq u bowhve Lodi-

meated, swhre meosseaaz~ the aeelpe4 value. (16blee 2 and 3). Soe reader

A*e folloew theee tabla~ted valaus oft ocawite or puefiet a mad ame this

OOMPV104 with the meWedr VMlue (pigar %)

- asm~e an whtch (&', usem be predicted refte apom a&* appreceb

of the aeemimalatiem roeaton to a steadji state eipilbib -mg zoo. Cer-

tanl-I Whe ofent be asoertatmed from oly m e' or e deteindastift

12



Of Z at9 A giveun tim s uch that the Mxsu observed Yalu"s of x4O.33

i*,j. Aithough there is little Infoznation for judging whiah order of

a reaction pertains to accumualtion, alirn'nation of 0O is o~aned to be

& first order reaction. Pron this it my, be inferrod that accumulation

is a1Le a reation of *b. first order. Repeated statements have bees

pmbiisbe ooaftruAz4i the ordor of elimination (e.g. An, 15. oaspecially

clear preaentaticjs of data is that for a single saNeoc (VW), who imw-

4oubW.4lj elimina.tedt MO I the order 3o o:aiind (2!3). The mai.~eot was

certain~ly an Interested person of ezperiemoo who probably was able to

kee, Tv at a stead rate thrwoghout the period of themoe hour test

dUring which 2 wasn esasaed at intervals bF two experle (ysU and Pil).

?how indications, together with the derived value of zaten *0 tAVa-

Parent linear r~latioasoip of z with time, for the early steg. of the

Pr~soos (2), dita~tod an att*qt to write, an ezpcawati spatio w Uiah

describes Z(t). The .stheinatioal treatment begins with the general first

Order equation x a A + AS . The initial sad equilWIbrum oe'ditimsn

determine the =4teUTI-W D, i.e. whem t . o. z a o an& wham 1 40

1 a 299~ resulting in the epression

It is now neesseary to define k, which determidnes the rate of the Proossa,

In terW of parameotoer hat haes bess previously desipated as fimia-

etal. ThiS `bein with a linaW approzieslim for Vorjdauingte tiret,
part of Use aemnslation. Variou~s workers (19, 21) have notiond the

reesi~tiag linear relationship, z - zo a . t, and nars subsetsistiae it

with their data.

A digression will olarify thi linea relationship which ultimatel~y

will beO solved simaltdieaaelY with equtionS for 9 -e xo/(,~-a),



the ania-thi-4 )olnt being chtosen b 'cakwe Gq~fatlon 5is niearly linesar for

the first one-third of its rand*.' (z - x.) izidleaiec an increase of CO

in the blood equal to (si - z0 )s Z~b wkiok, In turn, is equal to the

quantity of 00 inspired ainus tos quantity eqilred 'ij~ PI*t -JTV
PWý, it), prwvidsi the buildup of CO in the 1,~"s 'imostea1 residual

oaeeoity is neglected. If the linear appozientias %,t TO tosog-.

playred, the integralion of equation I gives

which implies that 0 teýOs Z~b. Next, a faster io Inserted which uwill

silow, the pze..ure to be oUter than atmospheric, at ass. level, resulting

in the Wtprmionm

0- p0where fp 12.4

Noting that Teo io a funatiou of x, 0 in solved for a point when %h6

prooeee hae comleted one-third of its fall r~em, I.e. when

Atnt e a-third point

0/3 6- , wbe-e9 Uj

BeturIng to the first order equation 5, c es amno be foamp by

solving ti4l equation and the established limear relationship for the

above stated one-third as indicated below.

-e - (2, - 2)

14



:. -k - Zo/ 31a 2/3

Sawing found an expression for k, It to Insertedi nto equation 5, 01/3

bslnc replaoied tV Its equivalent, ma the cocntmat toer 3JIz3213

OWS, in PSI4Wle

a o2'tA . 0.0491

aa230, parititon ocettic~ien
z a 1.34 al of 00 to saturaem egan of heoloi

b a a-' 31a 0.667 .-04909

d. a.1.23

fp (P647) 713 -1 a~ssuinga dz gas is broathed at apressure
ofP of1.

be)

Tl- 20+SA7)S
3 - %(P 1 ,--a)- T

AM 0.043Z~b - 11.5 + * 1(l-)i

#A - 0.835 V3 -1,120

Piodiotlcmag sesurding to equation 6, of the propotlom of the

tstal hemoglobin zIsh wouald osoor as satroboq'hnslebia we ocqasi'.4

in Pigure 4 with metual daetrmsatiams .siouted La I. tests am. a

out In to laboratories (Tables 2 an 3). TI,'tV-Oiu toost (filled

eiholes) wer &me at a total prinsomm' of aream~otelyon seatosepiere



while breathing a 9uxture of CO said a.ir (109, 21). Plve tests (circles)

were lone at one atmosphere while briathing C0 in 913 per cant 02. Ton

teets war* done at total pressures of lass than onei atmospheres aIn two

or tLe., the pressur. wee sa low as one.-fl fth of an ataoospbre, and CO

in 98 per coat 0, mes breathed (tri.q.gles); in eight of these tests the

jpreseure eoeedsod one-rifth of an atmosphere and CO in air wes breathed

(fi lled triangles). Tables 2 and 3 show that o"~ subjeot started the

test with different levels of C06b, xl,, and during the expoeure tke C00b

rose to & higher level, x, whtob is shown by the abeosiss In Pigure 6.

The st&andrd deviation of the difference between predioted and reported

value& of , is ad, . 0.015. This vould represent the precision of p's.-

diction If there were no error In the method of measuring the reported

vralues of COWb Osoe~trio methods, such as these used in the two labor-

stories, are more preoise at low than at h~ig levels of CMK. If so, It

follows fro 0' We that a low levels dr 0.015, vwhereas at higher

levels, of e.g. 0.3 CMK, or' V 0.020. ?be Smea deviation, 1 0 0.021, oam-

bined with + 2 .wae used to Iraw the two lashed lines in Figure 6. The

intercept an the ordinate of the uppermost line indioatee that the, 260

preolssion of prediotion .a approuiantely 0.05 at the various levels of

CMK to:lesi the total 51 teots. Of more iqortance, however, the

prodiotIons appear to be valid at difteremt total prossanree wan owali-

tratiassof i~nsptred 0,..

IJF WCIOF PNWDWAL M*UM= .U

In orler to Illustrate the influence of the ftuisdosmsmia parzmusero

Included in eoquu..blon 6, It Is believed advisable to shom, with an exmlo#

how to compute x. Than, by graphis mean, It is prepm. Ad to soem the

relative importanes of each parameter (Pigs. 7 - 11).

16



Is iroo.taha !*,idatr An oxam;.-l ls~ ilre) vsIuis for the va'is~bles,

will illuta-r.o %no pr:codxre

Given., P - ':. tt , as

Vg- 10, 000 m1 per minute

XE-0 C.C~ ~ t.naeinitial saturation with 00.

Using the detfrnit;.,c sot fcrta !mdilately following~ equation 6, if; is

foqtxA, Io within three signixficant dip-te, thats

(0 &5)M10.000) - 1,120 - 7,230

* co (0 '35- 'II -* -

3 - k;9 5)(7t.ý) - 21 000

0% , 'Car~ bo Asern.:.' 3.n and the v-arious other .quatior~s ant

oow tan to epociflod 4.nair s*ua~n' 6

~- ~%~?~K0)t0001) - 4,830

*-,1.l000)%0,210 - 0 C-498,- oit 1 23 I - ,7

21,000

New, tas 4*oe.:e4 ;rdci csfl t4 sad*

*0 611

31c. jL 05, val--* oear that of & person wbo smkeo moderately,

%he oxpcr~n- -f eq 6 Wa -a leterined bzy 6&.ang the valuaes eoomted

abro. of'J,, . :e.,zgmn&zn. %hst f 1.0. Ubenee,

b - -- -0 311

O 611 4 t~o (050j

17
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'11ý

and the exponent of equation 6 is

Z4L,830 - (0-111)(3,070)_7(l)(-0.909)
TOS-X) 719,Cv'0 (0.611 - 0,050) .065

Then, the level of oarbozybemolobin at any time become.

X a 0.611 - (0.60i 0.050)e 0085

If t a 20 minutes

-0.175
-x 0 .611 - o.561*

Since the "natural" a;ilowaitlim of -0.175 a * 3

'2.0 . 0.611 - (0.561.)(0.839) - 0.140.

It is thus seen that a large mmvwi th a moderate ventilation rate, when

breathing roan air at atmospheric pressure diluted to a level of one-

,tenth Ver cent carbon~ manozilo, aould hae" a eswboxqhemoglobin level 4

approximetaly 14 per cent satuaration after 20 giante" of exposure.

The above OWp of ezample cam be expendel to Illustrate the influ-

mnoe of the various parameters. Allen and lost (12%, determined the

partition coefficient a at 370C.~ using aerotosesetere containin freeh

whole bloed enituree such that within three hears e"Ailibrium mne ap-

preaches fr-om either direction. Anther, the plasms hydrogen ice activity

wme Oa"Me'd to vary with #-(2 When the plasma pE me 7.30 U 7.369 the a

value was 230. At lower and higher p1, I.e. 7.15 and 7.0 a fell to a

"value of 170. Sendroy does not believe that a Is affected tr plasm pi

(24) sod acu~ordingly would treat a as constant end equal to olawe to 2.30,

am "a. !*at 4'me thus far fort the purpose of simplification. 'Nble 4 Iae

prepared Ui show that If a wore to very from 170 to 230, thug wold osase

steady at&-.* equilibria levels of oarboqhkesoglobinq ,, to rawu from

0.54 to 0.61. lowever, for at lees two beurs during approach to such



equili.bria, the absolute valuos of carbozj'beeogl-bin wouldI rise siailoarly.

2"Ma If a were, to vaxy through this rsaVg, It wul~d bave little influencee

an 2(t) valuiws for at least tvo-thi~ds of the total aoomulatiou. It

therefore s.e reasocable to accept a as a consatnt and V prstl to

Ignore the olaiasd Influence of plasms hydrogen, los activity.

On the basis of equaation 6, various easpete of seumlatimn of 00

4"0 hobo in Figures 7 through 10 which aite assignod diiasions In the

legend.. From Figure 7 it is clear that air coatainin '00 parts of 00

per million would leNA to a stesd' satele equilibrive of 1, W mast OMb.

If air ocontained 1,000 P.P.01., the %.I~ value woulA rise to 61 pwr omt*

OMK. In ointroet, if 98 per aust 02 ocutaisile 1,000 p.p.a.,v the level

would be 20 per oent. %0. above (Ple. 7) would also haoe bes mtetio-

PAted I I ei tW Nalidas. (1). It Is dw'btful hoev v, If the

following figur 8 could have bess predicted 1W him Mod Usa oe0l008"80

sinme full we of the prsetly derived equation 6 Is Involved. 16

reach WO per cent levels of 00Kb, sbo breathing air, would requir'e

oadlY 5 :utaute If the air contained so msuh as I per .inI 00. Uiztr-

five aimatee would be required to rev thi level If the air seetamed

0.1 Per sent 00. If the sir ocatained 0.01 per, sent 00, it would take

120 Miinutes for the IN sage CM level to rise only fies 2 ft A. lso

"ab"v would Gooes If the QZp'rater flow M"r miatSIned at GO OnOt

rate of 10 liters Per aminue. At rates grester and lows th this, the

ouveIn ?igmne 9 show that the Appreesh to stoody state evaivwiuii

woud oe",a far sor rsp1&4 if the etSIatls -of tbe Im. yme to

ineresee. Figue 10 shove that with lesser quatities e. total bedy

hoemglobin the rate of approach to steady state equl~lbrive weald



600 gr s. a !i oiw T -'&eL!Arat, 41~t per cent..

bins vi t h- 11 a:.. ~ 31_ ni. t.j ~ tf wcu.iA be

slIS't~ty .aai tr..:Li i. l c-, .4 -. ,or jo.t Froa these i11us-

trationa It i.ppae;-i: trLi t' týe z~c .. a r i. &rOter I& IF followed

In doseA~.dlag :rJUA7 tj P: ttno firaU.'I A-b.

-ýLO It IN :'0X 'A'. be VIV+ -La sot forth above and

danigerouse e1tuitt:--is -4~ I f t,,ob fa~i.'.antal parametere in

Pt~leOiogical t'ticer 'z~4...be :%O'Vcipated, it is wise to

emphssiss vie 9:i.¶nvcrn cof Yf 'on to~j This *apeoiai1.y shoaul

be of inte'-,t t-,ý :.'-u~ vn, w'.'. !1nm the obwervations of Soith and

Sharp to: tw --! it! L4.4 ný 9.a t'on 6. Le t %am oons ider that

their N-im z~aua pmtlw: e ',Al ha, b U. %~a 63 per- oant CCj~h level, i.e.

in this oae* x" . 1ý 1, tt.r sL..rt n! ~be trestmt Mt t"r £tmosphere

o'f ambient O-e.r urrhor. %Qnopt thei: fiairrun. with the reversion

was broa'hed th.z-u.gh -I mx r.99. 3u~pipre TP:,cO e 05o

10 pp. 't~o ~ . ,'.'e~ -. 1tv vLa 11) 11%ers sin 1 %nd

thme to*.s..* Lr. v" a-ws., x'I the neaeeeary pearemters

'JOLI' ~ ' ;?-t1 -to Lbe rapidly dsoeaa2Ii

o~rv, ha ~ ~~ .t~C:. ga.~, V1~. ftgr 60 __Unt*s

of *treaotm t, 4r!, pat,%- -. 6rn to t poi- an '7O~b instee4at o"none".

.he tui-rzn, P'.rs m..tcri*.a. r-t- .u 11 pauaaq%%rs the a4.d except that

trUsAa~e, VAUMSIAJ.. ILI ~114 t L1;fls p t tLI rAte f O~A11inAtian

would be 2.5 timois ab.r* *...v -ru t.aIA. of the daabe ouarv.s is of

Interest to &'iiat m me' .rw, m.bý:u.ng a*it *r-nai r o*' an atmosphere



that breathing of 98 per cent oiJ'gw woulli eliminate ýT at a rate of'

2.9 tics*e slow r then at neatmosphere. Similar effects o1 ambient

pressue an elimination of CO would4 occur wton breathing air, eswept

tait at a given presaire, the rots (if oliairn&tion of 00 wou~ld be 6.t,

Awne more slow tham whou breathing 98 per cent oy~gea (three continuousi

ourves in Pig. 11). This sizý-fold relatiLve difference in preciselY that

cited tW Lilienthal (2) for findings in two ldbovatoriee. So s er, there

traly Vero absolute dOffoemeoee in elimination half-ti.e between the tvo

laboratoriee. it is believed that rubh could4 have occurred if the sub-

ject. of loughten end Soot (25) mi.ght have ?had a law ventilation rate

orf5 liters miji-1 , uherosee those of Lilienthal sand Pine (cited in 2)

night have had either a ventilation rate exceeding 5 lite"s mla- or

eleo a total body hemoglobin lowr then 8W0 gws Altheoug It would

te isetreble to refor to other steiss of eliaination# such an free

does (26), the present authors ban earlier Indicated that for equation

6 the derivation of DW and the interrelationship of '02 With iA sod i2

oontain knowledge that could presently apply omnly to am and. weeme. rt

therefore asoee that the sae, ftdamemital. parae..ters affecting the aa-

ousulation will operate just as effectively upon the elimination of CO

from adualt homes bin~iw.

A ori ique of the smas employed to obtain a prediction of bleed

oarbaromainglobir chiefly ecaceiwe the fact that, chereas It wee .esaible

to state certain f~mdamsatal parameters, It me impossible to find these

so having# beon actually eosezourd mA reperted in 'heir entiretly In the

various cited exrerimente performed vwAasoms beiz -v. It is in~dee

gratifying that, in the tests of predietability the reenltd an aeowmalatian



(Fig. 6) atu 21ijinatimofia CO (Plir. I1) agreed am well as they d14,

This suiggests, should future needs. arise, thba. instead of askinig oat:.

notes.i~f various parameters, it -All become deelreblo to aneauris thots*

with independent methods capable of detecting alz ý.. the naoeaeary Tfotorm

involved in the aooqutation of & given parameter. ?be presently app.-oo-

lated parameters um be listed scoording to decressinNj order of abea'iate

precision of mennsurtion ranging from error* of 1 0.5 per caut to 15~

pow *mt, or soewat swoe, as fbolowes 1 z_ %20 169 P,009 lp'O,0'

i0*9*00, Jb, Aq (dd P0 0 . These in part, are aazmooiated with the

constanst 4 and a. Further, In the true statecent x +.y +s a 1, It

ase convenient to let u w 0, where a Is the proportion of total twio-

tional arterial heowglobin occurring as reduced hemoglobin. rt was not

only ocamenient ba.t also necessary becamse of lack of full iaformation

to interrelate certain of the above basic peavaeters, thus sacrificing

some precision.

The error involved in equating ij and 13 is negligibly small.

Vitflln faý:7!y wide limits ie, - 0.0496 iAl if i*o 0.83 ;o2, It oft

'4 be e that iy - 1.009 is, thus eliminating the necessity of eel-

looti.4 information an iem ftrther, free the Interrlatim of ;0

"AM 'A (fig. ')I It be..... poesible to dismiss, thouhm* Wth certain

misgivings (byperpuesa, 02 debt, *to.), the neesesity of reporting values

of i2 Banco, three basic pareasters tan be szprseeed I& terms of ;

.:tick io very closely related to iT. (PIC. 2), a parameter easily measured

and often vported. although seceialised Inmvestigators to dato have, not

reportedt on the relationship of n. with M3 Aa4 TA their data are,

h!4ly sugestive of such, at loest to within a pr**Amtlv suitable

22



Therefore, the nine priemitly appr* ~iite4 p&A aw~zro decre*"* to siz in

nmeber mad onsuist or the folnovt~es Pt z,, F'ICC't F1102' T Wirib.

oe ertainly shoul~d be accurately memasuin ad reported in stuidies

using 00 en a tracer. Asomg these, the Gmly am* which Is difficult to

oin~eh~dIs Zib because this obviouslj Includes nom-oiroulating heoe-

clobin (or its equivalent). Several schools of investigators have indi-

cated that the nob-circulating hemoglobin io about 15 per cent of the

circulating hemoglobin. A mass of reportingab would be to measure

the total circoulating hmag.1-in tW one of various methods and then

multiply this %W a factor or 1.15 (26).

Comonruing the 00 'build-up in the rumotiomil residual Oapecity of

ti.a itag, it was stated early in the above derivations tI'-.t iA

approach" exvar as the ezposure t!"1ia irneseem. The qwwtit of gasn

iiPpAO dt - [uVqpO]t - [VI wich builds up the 00

coosatratiem In the mange a be apprecile empesially If the Uinpred

00 oejegmskation is hIgh. This is Oppe~c AM It to Rated that at

eqPA?~?,m. apprinieatoly equals ?I 1 mad that this particular

equilibrium is rapidly approached in the lumpg. If the expewre is of

buS. duration, the quantity does not have muc offeet aim"e It Is small

compared to th, total 00 In the blood. Per h~isie eemrto

aseeseeerily having sbort exposure time., the queatily bieesme aisif 1-

amit. In met of the data referrid to IF the authere, the exosure

times ve probably suffioiently long to permit dLIsr*#W4 of this

quanti ty. In the few caes. aime the exc4ure tie" wes. short, the

23



it was neglected, .1 thougb & thoroughly noeplet. system should aoot&isi

the tem V'''O

It was atate4 Pri or to equation 4 that I * Y -I This would be

true5 if the 02 mmd 00 pressur~es were sufficietly7 high so that hemoghlobin1

beomem fully saturated with 0ý2 end 00. anIts passage through %Mlue emg ab-

illaries, and & shunt never eaisted which Irposmee these ospillaripes. ?Ue

relatiomehip should oorrootly be stated as x * y + a a I where s perhaps

could be oisfir," an fvsotions of i,2and PA 1 0 togethier with a *hurt

factor. Altogether this would slightly sffsest the oempuatation iaýZ*,

Por subject AL in table 1. mines a a 0.17, ze1 -[30.83 + .l/~2l7~

0.151 insteAd of the vs'lae 0.147 which m- compted -n the meaqiptims

that a a 0. This subject Whan vs zesediaghy lar properties i: reduoed

hemoglobin in the ssestsm marterial bloed, due to his beittg exposed for

several hours to at simulated altiteade of 15,000 ftot, yet the oalcrjle-

tics of xg Is eamieely affested in this Insatnce.

There havs now bomern etioned mo refiaemoste to the prs i-t

vostes which certainly see iqeatet. It wee itnteeed to thke%

ests. amsimlple as poesible, and SWapp sdmaitiose wete eseeserily

mie to keep ItI es. The present Ia&* of WAinAtd parameters am-tainly

oguli lead to Inadequate lAterpretaties. For smaile, whe two5 possible

refinmenst (the production ad ouidation of 00) were Inoladed, the

roeslting ezvreselom ror x a 3 som ee onc am o aWetod and did not

asreo with reported values. rt is belieoed, honvez, that if all

tasiters were taena Inte acoocmt, and the T~esmtere mooseeary for their

e6Malolaioe were adequately7 determiaed, the complete voal.sm could be
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4,a

improved bayom its present c&pabill, tie.. The los1gn and linomtion of'

exprimenmts wiob sh~uld enable inv~etigatic'm ct thoes various idea..

are being oonsidered. Nirnut. quantities of C'4 0 ooul& be safely used,

fAM it., aocomulstiom and elimination from thes human body oould be d*-

tested oontirnuuly with a vibrating reed electrometer.

This survey of selected literature and the building of a pre-

diction syetee started at the roeat smuual mectings of the Federated

eSoietios of axperiamotal Koloa Whom Ir. &I lams Cleghozm (us"d cow-

pow), who has -one bows interested $an standard. for breathing gmsse,

askd f~n brief 'Would 100 p.p.s. of CO be doogereas to ICTZR divers or

sboMai thin neer oewesd 20 p.p.m. r At a total of *hoes atmospberes

wiLth on ambient flow of 10 liters min - a fai;Ay large -e starting at

2 per east caaiczjvbeasglobin eould reach ms equilibriumn level of 12.9

per oest when breathing 100 ;.;.a. of 00. After 100 minutes of

@Mea - the, level would In 081Y 3.4 per cast. After 1I000 minutes

this would rise to 10.? per east. Carboxzjrtaoglobin levels so lew as

these esuld elevate ths threshold for vision in dim light (20), but It

I& doubtful If ether pkweiolocgial fiaotinse would be seriousaly at-

fasted during periods. of time spent in mach diving.
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mxi.Prialltion of study state oqullibria, so and is 3, and
empwies with %smurg6. value (UNAafta m ta of tillenthal, Riier,

P,~~ 1, zmFnks, 4).

Oubjeat JL L2n 2 0YP, C7.

7 401 596 523 523 523 523

ef.~3 10 10 10 10 10 10

px% 0.2193 0.2105 0.2049 0.2064 0.2M6 0.2064

11.35 17.7 15.3 15.3 15.3 15.3

a 0.0496 0.049 0.0498 0.0A498 0.0496 0.0498

#.10- 3  0.2615 0.611 0.352 0.176 0.176 0.176

0.(r 1.519 2.439 1.967 2.022 1.9"3 2.022

VO10 0.393 0.510 0.466 0.466 0.466 0.466

20.3 0.110 0.161 0.116 0.060 0.061 0.060

3;91 0.147 0.200 0.152 0.060 0.061 .0.0600

Eno. % 0.151 0.235 0.145 0.066 0.075 0.073

0.066 0.066 0.011 0.011 - -

*365 260 400 313 345 30

$mlell Te. - Ye. - --

elmse esiewd I' Preoemt authors but aot girm IW Invietigtoe".
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Table 3. Prediotion of CCb as a funot.m of tim, x, in toets lastintg up
to 300 minutes Oa skirly-to s at two ditfferenta prneamJa vhs broething
air with so little as 90 partU per millim of 00 (based an data of lPao, I.
V., Omanelaaio, lito mind Beh•ke, 21).

prod. reported
saboot --A(10"3) M p,,co(10o3 ) t 2 0 I

al mia "1 9 al "4 Ur3 i,1 o

VAR 6.9 875 2.0 0 .7955 0.=2, 0.191 0.145

off 4.4 79 6 0.753 0.016 0.142 0.112

ULI 4.0 817 0.752 0.000 0.114 0.107

am 3.7 706 0.753 0.040 0.157 0.130

MA 13.8 761 0.770 0.004 0.302 0.346

S16.8 854 " 0.771 0.013 0.326 0.346

86 19.1 82 0.773 0.033 0.365 0.323

lO 17.9 PA " 0.771 0.029 0.355 0.349

30 14.8 777 " 0.771 0.036 0.337 0.337

U!? 24.0 1,002 1.5 24 0.719 0.017 0.331 0.349

WA 18.5 777 U 20 0.722 0.037 0.302 0.398

13.6 740 1.0 30 0.627 0.069 0.289 0.289

DIN 14.7 777 0.628 0.024 0.241 0.270

=! 13.2 731 " U 0.627 0.05 0.290 0.2,C

n?? 14.3 861 1.72 15 0.738 I.:' 0.236 0.230

U3 17.5 830 1.87 a 0.760 0.072 0.306 0.265

lAO 14.5 749 2.10 " 0.787 0.042 o.304 0.338

INA 19.7 905 1.42 20 0.707 0.064 0.301 0.261

CA? '3.8 805 1.41 0.702 0.054 0.255 0.261

Jil 16.5 747 1.29 U 0.690 0.0m 0.229 0.248

UTS 13.5 713 0.90 30 0.604 O.C. " 0.220 0.247

-N 14.4 800 0.90 30 0.601 0. OA"P C.246 0.236



table 3 (Omtsa)

alsa1 £ 9~prod. repor--od

14.0 748 0.94 30 0.612 0.089 0.278 0. 29!,

as 11.9 714 0.55 45 0.478 0.036 0.181 0.193

VA" 13.4 683 0.56 * 0.488 0.030 0.196 0.254

lw 5.8 795 0.57 39 0.491 0.018 0.179 0.2m0

VAT 6.7 7952 0.92 30 0.592 0.018 0.139 0.121

SAN 0  5.8 740 0.09 240 0.129 0.000 0.045 0.063

weU 5.2 79" '80 0.126 0.033 0.055 0.078

U' 5.8 8M6 270 0.127 0.004 0.046 0.073

Ae 5.7 786 0.18 300 0.226 0.058 0.130 0.165

say* 4.6 710 0 .a0225 0.035 0.110 0.150
0 P 523 - 1# 10,000 ft. stadard altitude with *A *hown as us flow

at that alti tiAAe; all othew subjects was at se levell 20 es aseeipis

Table 4. Tarl Sti.. in the partition aoeffilint, a, md its

slight Wffol on a~tilpsted levels of .mzboqhsmwglobin, a(0).

a Ze 210 X40 2120

170 00538 0.095 0.~0% 0.384

190 0.565 0.096 0.210 .9

210 0.590 0.096 0.213 0.406

230 0.61 0.097 0.215 0.415

01 Vo I00 a 0.21sP,0 o .0. 001,q P.o760 m Z4,
10,000 al am-itmeb 800 grow, md so



Ivf olv1 a : ~ 2-i n can ~a:, mi,,r. i-:i..ji; tc~
&Ad 61 . d ,) *y !tl KI dz

I~ir 81 a 14;

Pig. 2. Bel1a t .ma hr, t4wv,.- :&ten .,f alveolar and o*xira-t-ry
flow 7,n ami cn! ~. -.a rest sal azorc~ao :, aa..i
on data of F'-.EKý It atk. Ij and Turxnc et &1 14)

?ig. 3.a) Diff'using 7,aiazý: y Al !. ngls for carbou mrncxldo
oospa~rd w~th r..c~ l-ýv :ito kbamd on data of
?rI nojL, 14 aard Bates at a] 17. taý-irg mwwt
values I-:r.4n rest iý: can~eo~:.: and ,: son

b) Relaticn~jcaj .,,-savi diffsair. capacity and total
hemoglobin (s:aeIdccc-rdir4 to .3IstranrI, 6) when
alveolar fliv approa:noa zorc

?if. 4. Cospari.-W pr.~d':t.za 4itff-eing capacities fer carbon
mononzido wi~th t zi:por-red fro& %h..g laborator-4st
(?ujrstoi ,t a. 2 ia..d 3 ref. 18; Forbes ot
tabl's &I re U e i ble T11, ref

Fis. 5. Coqpazrir tne prse..c .ýr,6 of steady state equilibria,
achieved t7y a&r fl.-,z ;f Lar~o= monoxide, xa, I.and
a triple frlx x. 1 b:. Imesiurea val-.aa ofx
(based on data cor'L!ientnal It1 , 4)

Fig. 6. ?red.±cz.,ýn of t~a.ab~.mIcin &a a prc.zition of
totasl hoacglcbIr. Wba:ea~n 0'hr air cr ;x~gon

aixuree ofl8~ r 'ze.e ~.rrt cn~jcids bcth at
"sa level and &-. %. 2.'&t4l alu-tudee (be~soa on data of
?orbe* et &I W&., PN. 6t C :)

Pig. '.3T*ady *%&to ~. eej- ýo ;az-bozyhstccioc=,
I** *..* ze,!.-t~-cr *.. 1-a-I ozahcn am-
cid. in &ar ana 9:~ . o; . oxýt2 o '&e(;ýVen-

10,000 &1 & ~ a 84 Zff - &k a14 snI

Fig. 83. Acoou..mation 't - a a f-.mct--cn of use,

*f~r-)xido r. a . '- . IC- (M'0 *I a: n- P
760 = Kg - eo .ýO,(,xAa and to - 0 02 NO-*~a

forpupsou-f ., . .,!ar #on Ftpso 0 th~p~h1
ary j;4wn ") ;:tw 6*'e i.*!@

Pig. 9.Accuauia.-.on A. .aI.~ as & V~not~cin .! time,
x(t), wtomn roa .. rg -a. Offoront flew rates. Oivens

?Cc P 1I~O wA 11f, 1Kfb *8X graas,
s,4 x~,02.



Fie. ",. ,•.ioletion of craoz'hoscglobin a. f •a.cton Cf t1a,
z(t), in aocordanwm. with different cV'iatitie ?f total
body h obin in graa. 31v C.,c) . 10-3, %0 -
0.21, VS . 10,000 ml mtn-', P - 760m iA, and zo -

0.02.

PIg. 11. llizaination of oarboxyhemoelobin as a ftwction of time,
x(t) we breathing air or 98 per oent oxCsen at th•eo
"dif; rent total aabient pressures. yiven, PI CO -
10-- or 0.98, P - 0.5, 1, or 2 da• ep.ras,

0 T 1'i mn-1 , Z, b - 800 gr•mm- an - 0.60.
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FIG. I

OXYGEN UTILIZATION AND ALVEOLAR VENTILATION
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FIC. 2

ALVEOLAR AND EXPIRATORY FLOW
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METHOD OF PRIEDICTION OF CIFFUSING CAPACITY

FIG. 3 a
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FIG. 4

PREDICTED AND REPORTED DIFFUSING
CAPACITY
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FIG. 5

PREDICTION OF STEADY STATE COHb
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PREDICTION OF COHb ASA FUNCTION OF TIME
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FIG. 7

COMb EQUIUBRA a INSPIRED CO CONCENTRATIONS
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FIG. 8

CONIb AT VARIOUS TIMES lk INSPIRED CO CONCIENTRATIONS
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COI-b AT VARIOUS TIMES a RATES OF VENTILATION
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COHb AT VARIOUU.;. 31 AND QUMANTITIES~ OF HENIOGLUBIN
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FIG. 11
ELIMINATION OF CO WHEN BREA 'G AIR OR OXYGEN

AT VARIOUS PRESSURES
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